Human Tetherin, also known as BST-2 or CD317, is a dimeric, extracellular membrane-bound protein that consists of N and C terminal membrane anchors connected by an extracellular domain. BST-2 is involved in binding enveloped viruses, such as HIV, and inhibiting viral release in addition to a role in NF-kB signaling. Viral tethering by Tetherin can be disrupted by the interaction with Vpu in HIV-1 in addition to other viral proteins. The structural mechanism of Tetherin function is not clear and the effects of human Tetherin mutations identified by sequencing consortiums are not known. To address this gap in the knowledge, we used data from the Ensembl database to construct and model known human missense mutations within the ectodomain to investigate how the structure of the ectodomain influences function. From the data, we identified an island of sequence stability within the ectodomain, which corresponds to functionally or structurally important region identified in previous biochemical and biophysical studies. Additionally, most mutations have little effect on structure, suggesting that they would not affect function. These findings are in agreement with biochemical and cellular studies which suggest that mutations that do not disrupt the alpha helices of Tetherin have little apparent effect on function. Thus, Tetherin sequence is likely less important than structure and this apparent flexibility may allow for greater anti-viral activities with a larger number of viruses.
INTRODUCTION 29
Tetherin (BST-2, CD-317) is a membrane bound protein involved in a non-specific, immune response structure compared to the wild-type. Proline is well-known to be disruptive to alpha helices because it is 137 unable to form the hydrogen bonds characteristic of this secondary structure [Pace and Scholtz, 1998 ].
138
Phenylalanine is aromatic and occupies a larger volume than isoleucine suggesting the local secondary 139 structure changes are due to the alterations in the interface between the two helices. We note that none 140 of the local changes in secondary structure spread along the coil. Instead, cracks in the helices stayed 141 localized to a single area within the ectodomain, supporting the biochemical and computational findings 142 of [Du Pont et al., 2016] . We next analyzed where the changes in structure were localized and plotted the 143 number of times an amino acid adopted a different environment versus position ( Figure 4 ). The effects on 144 secondary structure appear primarily at the ends of the coil, rather than proximal to the site of substitution 145 except for a few mutations (described below). Overall, these findings support the relative lack of effects 146 on global helical structure that we observed as the ends of the coil are suggested to be unstructured leading are distant from the polymorphism site. In neither of these latter two groups do the alterations in structure 152 include more than two consecutive amino acids. Ile120Phe however induces a disruption in secondary 153 structure that is not directly adjacent to the mutation site and is maintained throughout the simulation.
154
Visualization of the energy minimum structure from the simulation for both the wild-type and Ile120Phe 155 structure, shows that Ile120 is an interior amino acid and the side chains could form a van der Waals 156 contact( Figure 5A ). However, in the structure of the Phe substitution, the side chain is displaced from the , 2016] . In order to gain more insight into the structural pliability of Tetherin, we analyzed the 185 location and effects of Tetherin mutations found in the human genome. While the data set that we analyzed 186 only includes data from those genome studies that deposit in Ensembl, this is the most comprehensive set 187 of genomes available. Initial analysis showed that relative lack of missense mutations between amino acids 
